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WE CLAIM: 



1. 



A method for producing a boride layer on a surface by plasma boronizing 



compri\mg: 

1 3 \ supplying a gas mixture containing a boron-releasing gas to a treatment 

4 chamber of \ reactor; 

venerating a glow discharge in the reactor; 

6 d^ermining the amount of at least one excited boron-releasing gas product 

7 in the glow discharfee; and 

8 selecf iijg production parameters of the plasma generated in the treatment 

9 chamber of the reactor k» that a minimura^d/or) maximum value of the determined 

10 excited boron-releasing gsis product and/or a minimum or maximum value of a relation of 

1 1 one or more of the determinW excited boron-releasing gas products to another glow 

12 discharge product are maintained. 



1 2. A method for produd^jng a boride layer on a surface by plasma boronizing 

2 comprising: 

3 supplying a gas mixture Containing a boron-releasing gas to a reactor; and 

4 generating glow discharge in the reactor usikg a pulsed DC voltage source having a ratio 

5 of voltage pulse duration to subsequent pulse pVuse duration which is greater than 1.1:1. 
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v3. A method for producing a boride layer on a surface by plasma boronizing 
comprisin| 

supplying a gas mixture containing a boron-releasing gas to a reactor; and 
gmerating a glow discharge in the reactor by applying a DC voltage in 
pulses having a pulse period of less than 230 //s. 



compnsmg: 



4. A methodVbr producing a boride layer on a surface by plasma boronizing 



supplying a gasyfiixture containing a boron-releasing gas to reactor; and 



generating a glowVischarge in the reactor while maintaining the gas 
mixture at a selected low treatment temperature during a first stage to first produce a 
relatively thin, dense boride layer an\prevent formation of halogenides which cause 
formation of pores, and maintaining thegas mixture at a higher temperature during in a 
second stage. ^ 




5. A method\ccording to claim 1 wherein the glow discharge is produced 
using a pulsed DC voltage source having a ratio of voltage pulse duration to subsequent 
pulse pause duration which is greater than 1.1:1. 

6. A method according to claim 1 wherein the glow discharge is generated by 
applying DC vohage pulses having a puls\ period of less than 230 //s. 
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1 \ ^- ^ method according to claim 1 wherein the method includes a first stage 

2 during\(hich the gas mixture is maintained at a selected low temperature to prevent 

3 formationoi^ial^^ides which cause formation of pores to first produce a relatively thin, 

4 dense boride layepJbllowed by a second stage during which the gas mixture is 

5 maintained at a higher t^perature. 

1 8. A method according to claim 2 wherein the glow dischaige is generated by 

2 applyirig a DC voltage in^pulses having a pulse period of less than 230 //s. 

1 9. \ A method according to claim 2 wherein the method includes a first stage 

2 during whichlhe gas mixture is maintained at a selected low temperature to prevent 

3 formation of halogenides which cause formation of pores to first produce a relatively thin, 

4 dense boride layer, VoUowed by a second stage during which the gas mixture is 

5 maintained at a higheXtemperature. 

1 10. A method aV:ording to claim 3 wherein the method includes a first stage 

2 during which the gas mixtureis maintained at a selected low temperature to prevent 

3 formation of halogenides which o^ause formation of pores to first produce a relatively thin, 

4 dense boride layer followed by a second stage during which the gas mixture is maintained 

5 at a higher temperature. \ 
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1 i\ A method according to claim 2 or claim 5 including determining the 
amount of exerted boron-releasing gas in the reactor at least in a relative manner. 



1 12. A method according to claim 1 1 including determining spectroscopically 

2 the amount of excited boron-releasing gas in the reactor. 



1 1 3. A method according to claim 1 1 including detefmiriing the amount of 

2 excited boron in the reactor at least as a function of the amount of excited boron-releasing 

3 gas in the reactor. 
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14. A method according to claim 13 wherein, in order to form a minimum or 

maximum\alue of the ©?foited boron-releasing gas content, the determined amount of the 
3 \ excited boron-^leasing^s is set in relation to a determined amount of at least one 
further boron-releasing gas product. 



t| 1 15. A method ^^ording to any oheof claims l-4^wherein a gas mixture is 

supplied which contains a borSn trihalide as a boron-releasing gas in a concentration 



greater than about 1% by volume,\long with hydrogen gas and, optionally, a noble gas. 
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16. \^A method according to any one of claims 1-4 wherein the glow discharge 
s generated by ap^)lying a pulsed DC voltage which has a ratio of the voltage pulse 
duration to the subsequeiHj)ulse pause duration in the range from about 1.1:1 to 5:1. 

17. A method according to claim 16 wherein the ratio is in the range from 
about 1.5:1 to 3.5:1. 

Ts^'^^^^A.nieffi according to any one^of claims 1-4 whie^^^ voltage 
having a pulse period oHb^s than about 2107>is is used for generating the glow discharge. 

19. A method according to claim 1 8 wherein the pulsed DC voltage has a 
pulse period ^ 50 /^s. 



20. A method according to claim 19 wherein the voltage of the pulsed 

DC voltage used for generating the glow discharge in the range between about 500 volts 
and about 1000 volts. 

21, A mbttiod according to claim 20 wherein the voltage is in the range 
between about 650 volts and about 800 volts. 
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22. N,^ A method according to any one of claims 1-4 wherein the reactor pressure 
is maintained in aslow-pressure range between about 0.5 and about 15 hPa. 



1 23. A method according to claim 22 wherein the reactor pressure is 

2 maintained in the range between about 1 and about 10 hPa. 




24. A mbttiod according to any one of claims 1-4 wherein the gas mixture 
contains a boron trihalide^ a conceritration of between 2% by voluine and about 50% by 
volume. 



25. A method according to claim 24 wherein the boron trihalide concentration 
is between about 2% by volume and about 10% by volume. 




26. \ A method according to any one of claims 1-4 wherein the gas mixture 
contains up to 20% by volume of a noble gas and 2% by volume to 50% by volume of 
boron trihalide, the reWinder being hydrogen gas. 



^ ^ 27. A method according tl^claim 26 wherein the noble gas is argon. 



28. A method according to claim 26 wherein the gas mixture contains 2% by 
volume to 20% by volume of boron trihalide. 
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29. \ A method according to any one of claims 1-4 wherein the boron-releasing 
gas is one of B6J3, BF3 and mixtures thereof 

30. Vn arrangement for producing a boride layer on a surface by plasma 
boronizing compmsing: 

a reactor having a treatment chamber; 
a g[(M discharge generator in the reactor chamber; 
a gas sMjply device through which a gas mixture containing a boron- 
releasing gas is suppHed to the reactor; and 
a pulsed DC voltage source for applying pulsed DC voltage with a 
controllable pulse width amd/or pulse pause. 

31. An arrangement according to claim 30 including at least one mass flow 
meter for measuring and/or coAtrolling the composition and/or the flow rate of at least 
one of the gases in the gas mpxtAre. y 

32. An arrangement according to claim 31 including at least two flow meters 
for measuring and/or controlling the now rate of the boron-releasing gas and/or hydrogen 
gas and/or a noble gas. \ 
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33. An anrangement to claim 30 including a pressure gauge for measuring the 
pressure in the reactoi| 

34. An arranigement according to claim 33 including a computer for 
controlling the measurement of pressure in the treatment chamber by the pressure gauge. 

35. An arrangement according to claim 30 including a gas spraying device for 
distributing the gas niixtUic into the reactor ticatm cut chamber. 

36. An arrangement according to claim 30 including a cooled gas inlet for the 
boron-releasing gas. 

37. An arrangem^nt'^ccording to claim 30 including a gas purification device 
connected to the treatment/ chai^per for waste gas treatment. 

38. An arrangement according to claim 37 including a vacuum pump 
connected to the gas purification device. 



39. An arrangement according to claim 30 including heating means in the 
reactor for achieving a desired treatmenAtemperature. 



> 



NY02:262964.1 



22 



